Cross-inhibition of interferon-induced signals by GM-CSF through a block in Stat1 activation.
We investigated the effects of granulocyte-macrophage colony-stimulating factor (GM-CSF) on biologic signals induced by interferon-alpha (IFN-alpha) and IFN-gamma. In hematopoietic cell lines, IFN-induced signaling was investigated by Western blotting, electrophoretic mobility shift assays (EMSA), flow cytometry, protein-tyrosine phosphatase (PTP) assays, and RT-PCR. GM-CSF inhibited IFN-alpha-induced and IFN-gamma-induced Stat1 tyrosine phosphorylation in a time-dependent manner. EMSA showed that GM-CSF inhibited IFN-alpha-induced and IFN-gamma-induced IFN-gamma activator sequence (GAS) binding activity. As a consequence, IFN-induced transcription of the early response gene, IFN-stimulated gene 54 (ISG54), was inhibited. The expression of IFN regulatory factor-1 (IRF-1) and MHC class I antigens was downregulated at protein levels in hematopoietic cell lines (U937, THP1). In contrast to GM-CSF, granulocyte colony-stimulating factor (G-CSF) and interleukin-3 (IL-3) did not influence the IFN-induced Stat1 activation. To explore the molecular mechanism of suppression of Stat1 tyrosine phosphorylation, we investigated the induction and activation of cytokine-inducible SH2-containing protein/suppressor of cytokine signaling (CIS/SOCS) molecules and phosphatases on GM-CSF treatment. In contrast to G-CSF and IL-3, GM-CSF strongly induced the expression of CIS1 and SOCS2 at mRNA levels, but overexpression of CIS1 or SOCS2 in HEK293 cells did not show inhibition of Stat1 tyrosine phosphorylation upon IFN treatment. In PTP assays, on GM-CSF incubation, no enhanced src homology 2 domain tyrosine phosphatase 1 and 2 (SHP1 and SHP2) activity was detectable. However, GM-CSF-induced downregulation of Tyk2 and Jak1 tyrosine phosphorylation as well as Tyk2 protein levels likely contributed to the reduced Stat1 tyrosine phosphorylation. In hematopoietic cells, GM-CSF antagonizes IFN-induced signals by a block in Stat1 activation.